days, up to 20% of all pancreatic resections are attributed to cystic tumors of the pancreas in high-volume surgical centers [3] [4] [5] . The most important reason for this increasing incidence is the widespread use of modern abdominal imaging technologies since in the majority of cases, cystic pancreatic tumors are incidentally found on cross-sectional imaging for other abdominal complaints. With increasing incidence, cystic tumors of the pancreas have become a challenging problem in clinical practice. It is well established that especially mucinous cystic tumors (most commonly IPMN and mucinous cystic neoplasms (MCN)) harbor a significant risk for malignant transformation over time while other, mostly serous cystic lesions like serous cystic neoplasms (SCN) are generally benign. Today, the assessment of the individual patient's risk for malignancy and therefore judging the indication for surgery (versus observation) is the most challenging and relevant clinical task.
Introduction
Until the late 1980s, cystic tumors of the pancreas were thought to be rare neoplasms. Over the past decades, however, we have learned from autopsy studies and surgical series that cystic tumors occur much more often than anticipated [1, 2] . Among these cystic tumors of the pancreas, intraductal mucinous neoplasms of the pancreas (IPMN) are probably the most common entity. Nowa-treatment. For radiological characterization, magnetic resonance imaging and magnetic resonance cholangiopancreatography are the most applicable investigations, allowing the best classification of cystic lesions of the pancreas. This is described in detail in other articles of this special focus of Visceral Medicine. Despite all efforts, it is still impossible to accurately differentiate benign from potentially malignant cysts preoperatively [6] [7] [8] .
Observation versus Operation -When?
Many different cystic lesions of the pancreas have been described and classified. However, more than 90% of these cystic lesions are represented by one of the four most common cystic neoplasms, namely SCN, MCN, solid pseudopapillary neoplasms (SPN), and IPMN, which may be further divided into IPMN arising from the branch ducts of the pancreatic duct (BD-IPMN), those arising from the main pancreatic duct (MD-IPMN), and those which are a mixture of both (mixed-type IPMN). Out of these four types, SCN are the only cystic lesions that may always be safely observed. All other lesions potentially bear a risk of malignancy. For MCN, SPN, and MD-IPMN, the risk of malignant transformation is high; thus, surgical resection is generally indicated. BD-IPMN is the cystic tumor type that is most difficult to assess. While some BD-IPMN carry a major risk of malignant transformation, others are largely benign.
Management guidelines for the treatment of cystic lesions of the pancreas have fundamentally changed over the past two decades. Initially and until the 1990s, surgery was recommended for all mucinous neoplasms of the pancreas since they were thought to have a serious malignant potential [9, 10] . Over time, it became evident that in a significant number of patients who underwent surgery for IPMN only low-grade dysplasia was found upon histological examination. With increasing evidence, an interdisciplinary group of renowned experts in their field gathered in Sendai, Japan, to review and summarize the existing data as the first international consensus guideline for the treatment of IPMN und MCN, which was published in 2006 [11] . Since then these so-called 'Sendai guidelines' have been updated, revised, and published in cooperation with the International Association of Pancreatology (IAP) as 'Fukuoka guidelines' in 2012 [6] . The latest update with only minor modifications was published in late 2017 (table 1) [8] . To date, these guidelines are widely accepted and reflect the current thinking of experts on the management of mucinous cystic neoplasms of the pancreas. These Sendai criteria were also the first to distinguish and classify the nowadays commonly used three subtypes of IPMN: MD-IPMN, BD-IPMN, and mixed-type IPMN. According to the 2017 Fukuoka guidelines, segmental or diffuse dilation of the main pancreatic duct of >5 mm without other causes of obstruction defines MD-IPMN, while pancreatic cysts >5 mm in size demonstrating communication with the main pancreatic duct but without main pancreatic duct dilation are classified as BD-IPMN, and lesions meeting criteria for both MD-and BD-IPMN are classified as mixed-type IPMN. Furthermore, this guideline defines so-called 'high-risk stigmata' and 'worrisome features' in an attempt to estimate the risk of malignancy (table 1) . In a large meta-analysis, the 2006 Sendai guidelines have been shown to have a pooled sensitivity of 56% and specificity of 74% while the updated 2012 Fukuoka guidelines showed a much better pooled sensitivity of 83% but worse specificity of only 53% for the detection of high-grade dysplasia or invasive cancer [12] . Several aspects have been suggested to improve the sensitivity and specificity of the current guideline. A American Gastroenterological Association [19] • solid component and dilatation of the main pancreatic duct > 5 mm on MRI and EUS • cytology positive for malignancy recent study of a high-volume pancreatic center showed a high rate of malignancy of 59% in patients with a main pancreatic duct size of 5-9 mm so that the authors suggest that a main pancreatic duct size of 5 mm should be regarded as a 'high-risk stigmata' instead of a 'worrisome feature' and that patients should undergo surgery [13] . Furthermore, diabetes mellitus in IPMN patients has recently been found to be associated with high-grade dysplasia as well as invasive cancer and may therefore be regarded as an additional worrisome feature [14] . Other factors that have been discovered to be associated with malignancy but have not (yet) found their way into the current guidelines are pain symptoms, weight loss, and elevated serum carcinoembryonic antigen [15, 16] .
Over time, two additional guidelines for the management of cystic tumors of the pancreas were developed and published. In 2013, Del Chiaro et al. [17] published the 'European expert consensus statement on cystic tumors of the pancreas' on behalf of the European Study Group on Cystic Tumors of the Pancreas which has increasingly gained attention in Europe (table 1 ). An updated version of theses European guidelines has been presented at the United European Gastroenterology Week 2017 in Barcelona and is now reported on by Scholten et al. [18] in this issue. At last, the American Gastroenterology Association (AGA) published a gastroenterological guideline in 2015, which suggests a much more conservative approach with restricted indications for surgery compared to the other two guidelines [19] (table 1) . However, increasing evidence suggests that even the previous guidelines may miss a significant amount of malignant tumors and high-grade dysplasia [20] . Therefore, on the one hand, it does not seem surprising that it could be shown that with these very conservative AGA guidelines fewer patients receive unnecessary surgery while, on the other hand, an unacceptable high number of malignant tumors and high-grade dysplasia are missed [21] . Consequently, these AGA guidelines have not found their way into routine clinical practice. All three current management guidelines are summarized in table 1, whereas the current management concept at our institution is summarized in table 2.
The Fukuoka guidelines suggest surgery for 'young and fit' patients in some circumstances, which leaves a lot of room for interpretation [8] . It would make an interesting study to compare what gastroenterologists and surgeons would consider as 'young and fit' in this setting. With a steadily increasing mean life expectancy in Germany of currently 78.2 years for male and 83.0 years for female newborn inhabitants, patients as old as 60 or 65 years may be considered as 'young' [22] . Looking at life expectancy, it is especially interesting to notice the age-adjusted life expectancy which may be a lot higher than one would suspect. A 70-and an 80-year-old woman in Germany have a mean life expectancy of 16.8 and of 9.3 years, respectively, which is a long time span to follow up when it comes to the decision whether a cystic lesion of the pancreas should be observed (or resected) [22] . Furthermore, life expectancy has been shown to strongly depend on socio-economic status (±10 years in Germany [23] ) and has a great variability in between geographic regions and different countries. Besides age, comorbidities are an important consideration when deciding in which patients to recommend surgical resection. The risk of non-IPMN-related death increases with the presence and severity of comorbidities and has to be balanced against the potential risk of IPMN-associated malignancy and death. Elderly patients unfit for surgery may undergo observation since even in IPMN with worrisome features the 5-year disease-specific survival may be as high as 96% in these patients [24] . However, presence of high-risk stigmata is associated with a 40% risk of IPMN-related death, which underlines the importance of surgery in surgically fit patients [24] . Patients with a high comorbidity burden and a Charlson Comorbidity Index (CACI) of 7 have been shown to have a higher risk of non-IPMNrelated death, even in case of invasive IPMN-related cancer. Therefore, neither active surveillance nor surgical resection is justified in this selected subgroup [25] .
Surgical Resection -How?
There is wide consensus among most clinicians that all MD-IPMN, mixed-type IPMN, MCN, and SPN should be treated as potentially malignant lesions regardless of location and size. There- fore, surgical resection is advised in all patients fit for surgery. The surgical aim in these potentially malignant lesions is to perform an oncological resection with the respective lymphadenectomy to achieve negative surgical margins [5] . The most frequently performed standard oncological resections are therefore pancreaticoduodenectomies (Whipple procedure) or distal pancreatectomies and, in case of a cystic pathology in the entire gland or positive resection margins (high-grade dysplasia or invasive cancer), even total pancreatectomies. Patients with surgically resected noninvasive benign IPMN have excellent outcomes, with 10-year disease-specific survival rates of >95% for both MD-and BD-IPMN [26] . Even patients with resected invasive cancer show 5-and 10-year overall survival rates of around 50 and 35%, respectively, which is much higher than those for non-IPMN-associated, 'conventional' pancreatic ductal adenocarcinoma [27, 28] . This difference is probably due to the early diagnosis of invasive cancer in case of cystic pancreatic tumors rather than different biological behaviors since more advanced IPMN-associated (tubular/ductal) cancers and all patients with lymph node involvement show an identical poor long-term outcome as 'conventional' ductal adenocarcinoma [27, 29] . However, in case of IPMN-associated invasive cancer, the outcome also depends on the histological subtype. While colloid carcinomas, mostly arising from intestinal-type MD-IPMN, show the highest 5-year survival rates of about 61%, tubular-type (ductal) cancers, mostly arising from gastric-type BD-IPMN, show a poor 5-year survival of only 37% [28] . In order to evaluate resection margins and to make the intraoperative decision whether extended resection is warranted, intraoperative frozen section is indispensable in surgery for cystic tumors of the pancreas. The differentiation between benign IPMN, highgrade dysplasia, and even invasive carcinoma on frozen section may be difficult; the investigation should thus be performed by an experienced pancreatic pathologist. There is an ongoing debate on the management of those patients with positive margins for benign IPMN with low-grade dysplasia. In our center, resection margins with benign IPMN including low-grade dysplasia are left without additional surgery whereas IPMN with high-grade dysplasia are treated with extended resections. In patients where positive resection margins for high-grade dysplasia are found intraoperatively, we suggest extending the resection. However, there remains the problem of simultaneous lesions at different locations of the pancreas in MD-IPMN. In those cases, a negative resection margin does not represent the true situation. Thus, in some cases a total pancreatectomy remains the treatment of choice, especially in patients with a good long-term prognosis.
Nowadays, limited, non-anatomic resections are increasingly considered for some selected cases of BD-IPMN. These local resections include segmental resections and enucleations and may be performed laparoscopically in selected cases, depending on the location of the cystic lesion and especially the distance to the main pancreatic duct [5] . The advantage of parenchyma-sparing approaches is the preservation of exocrine and endocrine pancreatic function. Enucleations and segmental resections aim at limited R0 resections of benign cystic lesions without safety margins or lymphadenectomy. Limited pancreatic resections are feasible and safe but show higher rates of postoperative pancreatic fistula which, however, do not translate to an increased perioperative mortality, which is almost zero in these cases [30] [31] [32] . Enucleations may prevent patients from typical complications of major pancreatic resections such as endocrine or exocrine insufficiencies. Therefore, limited resections of small Sendai/Fukuoka-negative BD-IPMN may be a good alternative to standard oncological procedures until reliable preoperative markers are available to distinguish between benign and premalignant or malignant lesions.
The morbidity and mortality associated with pancreatic resection has substantially decreased in the last decades. Mortality rates after surgical resections in large and experienced pancreatic centers have dropped below 2%. However, it is important to recognize that the reported morbidity and mortality rates are based on oncological resections for ductal adenocarcinoma and not on resections for benign or premalignant lesions. Resection of these lesions is technically less challenging and leads to even lower morbidity and practically no mortality. From the patient's perspective, it has been shown that patients who underwent surgery for cystic lesions of the pancreas are highly satisfied with their decision to have surgery regardless of their final diagnosis or clinical outcome [33] . For patients with cystic lesions of the pancreas, fear of cancer is the main driver in the decision making process, and the anxiety of harboring a cyst is a greater cause of distress than postsurgical lifestyle changes [33] .
Due to high recurrence rates and similar to conventional pancreatic ductal adenocarcinoma, a structured follow-up is recommended after surgery for all resected cystic lesions with high-grade dysplasia or invasive carcinoma [8] . The risk of recurrence of noninvasive IPMN is much lower when compared to invasive IPMN and is estimated around 5-9% [34] . The recurrence of non-invasive lesions is almost always non-invasive and occurs after a median of more than 4 years after resection [35] . Therefore, and because of the elevated risk of concomitant pancreatic ductal adenocarcinoma, continuing surveillance of surgically fit patients is also suggested after resection of non-invasive lesions. Furthermore, the risk of malignancy in surveillance of non-invasive IPMN may last for 10 years or more, which strongly supports continued surveillance even after 5 years of follow-up [36] . Only cysts that remain smaller than 1.5 cm for more than 5 years may be considered as low-risk for progression to cancer [36] .
Conclusion
Cystic lesions of the pancreas, especially all mucinous cysts, have to be considered as precursors to invasive pancreatic cancer unless proven otherwise (e.g. SCN). Surgical resection is the treatment of choice for all MCN, SPN, as well as MD-IPMN and mixedtype IPMN. Resection of these premalignant lesions offers a unique opportunity to avoid the development of pancreatic cancer and, subsequently, to improve the otherwise poor prognosis. For BD-IPMN, most experts recommend resection if these are >3 cm in size and/or symptomatic or if suspicious 'high-risk stigmata' like nodules, thickened cystic wall, increased serum CA 19-9, lymphadenopathy, or cyst growth are present. Limited resections including enucleations should be considered as an alternative to conservative treatment in small Fukuoka-negative lesions in surgically fit patients. Patients should undergo postoperative radiological observation due to the relevant risk of recurrence and development of metachronous lesions in the pancreatic remnant after resection. After surgical resection of cystic lesions of the pancreas, patients show an excellent overall survival with an unrestricted quality of life.
Disclosure Statement
The authors declare that they have not conflicts of interest.
